Abstract. We report properties of Λ and Σ hyperon resonances formed in K − induced reactions. Special emphasis is laid on the analysis of the three-body final states 2π 0 Λ and 2π 0 Σ and of the quasi-two-body final states πΛ(1520),K∆(1232), πΣ(1385),K * N , and ωΛ. We give pole positions of Λ and Σ hyperon resonances and transition residues from the K − p initial to various final states as well as Breit-Wigner masses and widths and decay branching ratios. Twenty resonances and "bumps" reported in the Review of Particle Physics are not required in our fits, evidence for five new resonances is reported. The observed mass spectrum is compared to the spectrum calculated in the Bonn quark model. Three spin doublets, six Λ hyperons, are tentatively assigned to the SU(3) singlet system.
Introduction
The nature of hadron resonances is of topical interest, important questions need to be answered. Do conventional quark models provide a complete picture when they interpret meson resonances as composed of a quark and an antiquark and baryon resonances as composed of three quarks? Are there resonances beyond this picture, glueballs, i.e. bound states of glue without constituent quarks; are there hybrids in which the gluon string between quarks may carry additional excitation? Are there tetraquarks or pentaquarks? Modern approaches are based on effective field theories and describe an increasing number of resonances as hadronic molecules bound by strong interactions. The approach provides a systematic access to the production and to the decay processes of many resonances. These resonances are called "dynamically generated". Well-known examples in the baryon sector are Λ(1405)1/2 − that is generated fromKN − Σπ coupled channel chiral dynamics [1, 2, 3, 4, 5, 6, 7, 8, 9] , N (1535)1/2 − can be interpreted as dynamically generated quasi-bound ΛK − ΣK state [10, 11, 12] , ∆(1700)3/2 − from ∆(1232)η [13] , and Ξ(2030) and Ξ(2120) are interpreted asK * Σ molecular states [14] . Further examples can be found in Ref. [15] . These observations lead to the question which resonances can be generated dynamically from appropriate decay products and which ones not.
Dynamically generated states are often observed close to or in between two-particle thresholds. It is hence important to measure all important decay modes of a resonance. High-mass resonances are close to an opening threshold only for massive decay products. It is hence particularly interesting to study decay modes of resonances into excited intermediate states like ρ, ω, or K * (892), or into ∆(1232)3/2 + , Λ(1520)3/2 − or Σ(1385)3/2 + . From now onwards, these resonances will be abbreviated as K * , ∆(1232), Λ(1520) or Σ(1385) (and as K * , ∆, Λ * or Σ * in the Tables). Coupled-channel techniques involving vector mesons or baryons with higher spin are being developed [16] with the aim to test the hadrogenesis conjecture. This conjecture expects that it might be possible to generate the full spectrum of meson and baryon resonances by final-state interactions of mesons and baryons including their respective excitations.
In the preceding paper [17] we reported a coupledchannel analysis of data on K − p scattering into two-body final states like elastic (K − p → K − p) or charge exchange (K − p →K 0 n) scattering, or in inelastic reactions like K − p → π 0 Λ, π ±0 Σ ∓0 , ηΛ, ηΣ, and K 0+ Ξ 0− . References to these data and a detailed description of the analysis method are given in Ref. [17] . In this paper we extend the report to three-body final states π 0 π 0 Λ [18] , π 0 π 0 Σ [19] , and the quasi-two-body final states π 0 Λ(1520) [20, 21] , K∆ [22] , πΣ(1385) [23] ,K * N [24] , and ωΛ [25, 26, 27] . We emphasize that in both papers, all data are included in the partial wave analysis. In Section 2 we show the data in comparison to our fit. The results, decay modes of Λ and Σ resonances into various quasi-two-body final states, are presented in Section 3. In Section 4, the spectrum of hyperon resonances is compared to the Bonn quark model [28] . The paper ends with a short Summary (Section 5).
2 Data on K − p → three-body finals states
The reactions K − p → π 0 π 0 Λ [18] and K − p → π 0 π 0 Σ [19] were studied at BNL at eight incident K − momenta between 514 and 750 MeV/c using the Crystal Ball multiphoton spectrometer. Figure 1 shows the Dalitz plots for the [19] . Left subfigures: reconstructed data without acceptance correction, center/right: χ 2 -distributions for the case where the data exceeds the fit (center row) and where the fit exceeds the data (lower row). 
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two reactions. The data were made available to us on an event-by-event basis. This allowed us to include the data in an event-based likelihood fit which takes into account all correlations between the kinematical variables describing the reaction. The χ 2 differences between data and fit for cells in which the data exceed the fit or the fit exceeds the data are shown in separate Dalitz plots. No unexplained structures can be seen. The Λπ and Σπ invariant mass distributions for the highest incident Kaon momentum are shown in Figs. 2 and 3 . The former reaction is dominated by formation of the Σ(1385) resonance while the latter one has a large σ(500)Σ contribution where the σ(500) stands for the ππ S-wave interactions; in addition, some Λ(1405) can be seen.
The data on quasi-two-body final states were taken in the 60ties and 70ties of last century in bubble chambers at CERN and Rutherford. In K − p scattering, Λ and Σ resonances can be formed. If they have a large mass, they may have a large number of different decay modes.
Bubble chamber events are classified according to their topology. A fraction of the events with two tracks emerging from the interaction point can be assigned to
by a measurement of the bubble density (for particle identification) and using kinematic constraints to construct the missing π 0 . In the invariant mass distribution of the final-state K − p pair, Λ(1520) with spin-parity J P = 3/2 − and Λ(1820) with J P = 5/2 + were observed. Studying the pπ 0 and
In events with a topology with a primary interaction point, from that two tracks emerge, and a secondary vertex with two tracks, the reaction
can be identified. The two secondary particles may form a K 0 s -these events can be discarded -or may stem from a excited Λ which decayed into K − p. The Λπ ± invariant mass peaks at the Σ ± . In this way, the reaction
∓ can be studied as well. The competing reactions
0 → Λγ can be separated safely. Summarizing, the following reactions were studied:
The reaction
is extracted from events with four charged tracks in the final state where two tracks from a secondary vertex form a Λ. The missing π 0 is identified in a kinematical fit to the
The three-pion invariant mass shows a very clear ω meson above a small background. The number of ω mesons is determined for each data bin.
The data for reactions (1a-1e) stem from Refs. [20, 21, 22, 23, 24, 25, 26, 27] . The data on K − p → π 0 Λ(1520), πΣ(1385), andK∆(1232) cover the mass range from the respective threshold to 2170 MeV. Data on K − p → K * − p are given up to 1955 MeV. In some cases, the papers present an inclusive analysis of all data available at that time.
The intermediate resonances in the reactions (1) carry spin alignment which reflects itself in the spin density matrix elements. In the case of an unpolarized target, three density matrix elements can be measured from the decay angular distributions. The probability distribution for these reaction is given by . Data: [20] ; • [20] ; [21] ; [21] . The expansions were limited to l = 0, 1, · · · 7. The results of the analyses were given in the form of the coefficients
The results on the Legendre coefficients for the fits to differential cross sections and to the ρ density matrix elements for the various reactions are shown in Figs. 6 to 10 and compared to our final fit. The experimental uncertainties in the Legendre coefficients are comparably large, the fit reproduces the data with a χ 2 = 5812 for 4611 data points.
The authors of Ref. [21] analzyed the data from two experiments, of the CERN-Heidelberg and of the Collge de France-Rutherford-Saclay-Strasbourg collaboration which seem not be published.
Results
The number and positions of poles of the resonances used in the fits stem mostly from the fits to the two-body reactions described in Ref. [17] . The fit distributes the intensities, observed in the reaction The branching ratio for the Λ(1810)1/2 + → πΣ(1385) decay: (40±15)% is large. This is a remarkable confirmation of the 60% branching ratio for this decay from Ref. [34, 35, 36] . It supports the existence of this resonance for which the scan gave only marginal evidence (see [17] ).
For the following resonances we find a branching ratio of at least 15% within uncertainties into this final state:
TheK * N final state is produced with a high yield via pion exchange in the t-channel. A significant structure is observed in at least A 0 -A 2 and B 0 -B 3 at about 1.9 GeV, in some coefficients with opposite signs forK * 0 n and K * − p. The structure is assigned to Λ(1820)5/2 + . Its branching ratio (BR) forK The first point which needs to be made is that we find no evidence for a large number of resonances reported in the Review of Particle Physics (RPP) [43] . It needs to be underlined that we fit nearly all published data on medium-energy K − p elastic, charge exchange and inelastic scattering. In the mass range below 2200 MeV, we find neither evidence for the Λ resonances Λ (1710)
+ , Also, we do not observe Σ(1480), Σ(1560), Σ(1620), Σ(1670), and Σ(1690), the so-called "bumps" seen in production experiments. There is no evidence for the 2* resonances, Σ(1880)1/2 + and Σ(2080)3/2 + . Also the 3*-resonance Λ(1810)1/2 + is not required in our analysis. It is seen, however, in several analyses and ranked as 3* resonance in the RPP. Most of its properties reported in the RPP are confirmed here when we introduce it in our fits. Hence we keep it in our fits and give it (1*). There is also the 1* candidate Λ(1620)1/2 − in the RPP. If we include it in the fit, the χ 2 gain is just below the limit above which we would consider it a 1* resonance (see [17] ), we therefore also keep this state in our fits and give it (1*). Overall, this is an important "cleaning" of the resonance spectrum. Table 1 shows a comparison of the RPP star rating and our rating. Table 2 summarizes our results obtained from the fit to the data listed in [17] . For most established hyperon resonances (with three or four stars in the RPP), our results on masses, widths and on the branching ratios for decays into NK, Σπ and -for Σ * resonances -into Λπ agree well with earlier results. In some cases, the pattern (hierarchy) of decay modes is reproduced even though there is no quantitative agreement. In a few cases, there are significant discrepancies.
For hyperon masses, widths, and branching ratios, the RPP gives mostly a range which covers most observations. Our uncertainties give the spread of results from different solutions where single resonances of minor significance are taken into account additionally. When significant resonances are omitted, the fit results often change drastically. We do not include these fits in the evaluation of uncertainties. Hence our uncertainties may be underestimated. Therefore we increase the uncertainties in the branching ratios to a minimum of 20% (except for the highly constrained Λ(1520)).
Significant decay modes are compared to the RPP listings. In our discussion below, "compatible" or "agree" means 1 σ compatible, "not inconsistent" 2 σ compatible. The properties of hyperons at the pole position are mostly given by the Kent [32, 33] and Osaka-Argonne [35] group only, often with no uncertainty or statistical uncertainties only, and the RPP gives no ranges. Here we comment discrepancies only when the difference in the modulus exceeds 3σ. The phases depend critically on the background model and are very often discrepant. Hence we do not comment on the phases.
Below, we give the sum of all measured branching ratios. The uncertainties in the BR sum are determined from the sum of the squared individual uncertainties, even [43] and from this work, see [17] . '(*)' indicates states which we keep in the fit even though we find no clear evidence for their existence (see text).
[43] [17] [ though the uncertainties are correlated: their sum must not exceed unity.
The Λ hyperons
Λ(1520)3/2 − : Our mass, width and branching ratios (BRs) of the well-known Λ(1520)3/2 − are compatible with the RPP range. Its decays into NK and Σπ add up to 88±2% (BnGa), the RPP reports Λππ with BRs of 10±1%, Σππ with 0.9±0.1% and Σ 0 γ with 0.85±0.15% as further decay modes. The Σ(1385)π decay is reported to be seen in RPP; it signals an SU(3) octet component in the Λ(1520) wave function. The BR for decays into Σ(1385)π vanishes in our definition since the sum M Σ(1385) + M π exceeds M Λ(1520) . Our pole properties agree very well with those from the Kent [33] and the Osaka-Argonne group [35] . Λ(1600)1/2 + : Our properties of Λ(1600)1/2 + fall into the range of values reported in the RPP. The sum of the decay fractions is found to be 83-100%, thus nearly no intensity is missed. The RPP Breit-Wigner width ranges from 50 to 250 MeV; we find a width just below the upper value. Osaka-Argonne [35] find a pole width which is a factor two smaller than our value; our normalized residues are also smaller than those reported in Ref. [35] . Their squared ratio of the normalized residues inKN → πΣ overKN →KN is nearly 4.9, the ratio for the corresponding BR's is 13.3. Apart from the phase space difference, these two numbers should be the same. Our values for these ratios are 1.17 and 1.28, respectively.
− properties are mostly fully compatible with RPP values except for the Σπ decay fraction where we find (12±3)%, outside of the 25 to 55% RPP range. The strong Λη decay mode of (20±8)% reminds of the strong coupling of N (1535)1/2 − → N η. The decay fractions sum up to 77-100%. Our normalized transition residues are not inconsistent with those from Ref. [35] .
Λ(1690)3/2
− : Mass, width and pole position of the Λ(1690)3/2 − agree well with the values reported in the RPP. The sum of all BR's is 78-100%. The BR for NK is consistent with RPP, the one for Σπ exceeds the RPP range slightly. We find a (5±2)% BR for Λσ decays, the RPP reports a 25% BR for decays into Λππ. This number is just 2σ compatible with our sum of the contributions from Λσ and Σ(1385)π → Λππ. Our normalized transition residues agree well with those from Ref. [35] .
The Λ(1800)1/2 − Breit-Wigner properties are fully compatible with RPP values, the pole properties are, however, inconsistent. The real part of the pole position was determined in Ref. [33] to 1729 MeV while we find (1809±9) MeV. The imaginary part is however consistent. The product BR for K − p → Λ(1800)1/2 − → Σ(1385)π from Ref. [33] is comparable, our Σπ BR is considerably larger. The values from Ref. [33] are consistent with those reported in [24] and [38] . Our BRs add up to (87±11)%.
The Λ(1810)1/2 + pole position was determined in Ref. [33] to (1780 -i32) MeV, in Ref. [35] Our NK BR of (2.5±1.3)% is much below the 20% to 50% RPP range. Instead, we find large contributions from Σ(1385)π, Λσ, and Σπ. The Σ(1385)π branching ratio is also found to be large in [35] . Our Σπ BR is compatible with RPP. The sum of all BR's is 65-100%. Larger discrepancies are also seen in the residues and product branching ratios.
Λ(1820)5/2
+ : Our Λ(1820)5/2 + mass, with, pole position and branching ratios are consistent with RPP values. The resonance has a large elasticity: the BR for decays into NK is (58±12)%. Decays into πΣ are observed with (19±4)%, and into Σ(1385)π with 2±1%. These values are not incompatible with RPP, the BR sum yields (80±13)%. The transition residues from Kamano et al. [35] are often in good (sometimes in fair) agreement with our findings.
Λ(1830)5/2
− : Mass, width and most branching ratios of Λ(1830)5/2 − are fully compatible with the ranges given in RPP. The elasticity is small: our Λ(1830)5/2 − → NK BR is (5.5±1.0)%. But there is a large coupling to Σπ, with a BR of (42±8)%. Ref. [35] reports 0.6% and 1.7% for these two numbers but a very large BR for Σ(1385)π decays, (52±6)%. The transition residue for the latter transition is very small (2.37%). The two numbers seem inconsistent. In Ref. [33] , a BR of (52±6)% is given for the (Σ(1385)π) D BR, Ref. [35] reports 13.4%, we find (20±8)%. The ΞK BR of 56.2% reported in Ref. [35] is not confirmed. The BR sum of (70±12)% indicates some missing intensity.
The RPP values for mass, width, pole position, and the decay modes of Λ(1890)3/2 + into NK and Σπ are well confirmed by us. We find a strong coupling of Λ(1890)3/2 + → Λω, the corresponding BR vanishes, however, since the sum of Λ and ω masses just exceed the Λ(1890)3/2 + mass. We do not confirm the largeKN → Λ(1890)3/2 + → Σ(1385)π andKN → Λ(1890)3/2 + → NK * transition residues from Ref. [35] . There is sizable missing intensity; the BR sum is (48±7)% only. 
Λ(2100)7/2
− : This resonance has well defined properties: mass, width, pole position and BR from most analyses reported in RPP and our values are consistent. A sizable fraction of all decay modes is missing: the sum of measured BR's is (32±6)%. The resonance is not reported in [35] .
Λ(2110)5/2
+ : We find Λ(2110)5/2 + with a very large Σπ BR of (88±12)% and little elasticity: the BR into NK is (2.0±0.4)% only. The sum of all observed BR's is 75-100%. Note that experimentally, the transitionKN → Λ(2110)5/2 + → πΣ is determined. A factor 2 of the NK BR would change the Σπ BR by a factor 2. This would make our observations and those of other groups compatible. The Kent group [33] and Cameron et al. [24] find large contributions from NK * decays which are not seen by us. The Kent pole mass of 1970 MeV is low compared to our finding: (2048±10) MeV. The pole widths are consistent.
Λ(2090)1/2
− : Finally, we come to a further resonancelike structure which we call the Λ(2090)1/2 − . We observe this state with a mass of (2085±14) MeV and a very broad width of (428±16) MeV. Even though the state is statistically highly significant, we do not consider this to be a genuine resonance. Rather we believe it to represent a large number of weak resonances which are expected above 2000 MeV but which cannot be identified with the presently available data base. Its properties are not given in Table 2 .
The Σ hyperons
The Σ(1620)1/2 − is a 1* resonance. It is discussed below jointly with Σ(1750)1/2 − . − as Λ * , and the ππ S-wave or f0(500) as σ. A subscript S, P, · · · denotes the orbital angular momentum between the outgoing baryon and meson, a subscript 1/2 or 3/2 the sum of the spins of baryon and meson. 
Pole parameters Breit-Wigner parameters 
Pole parameters Breit-Wigner parameters
Pole parameters Breit-Wigner parameters M=2158±25 Γ = 300
Pole parameters Breit-Wigner parameters M=1665±20 Γ = 300
Σ(1660)1/2 + : Our Σ(1660)1/2 + has a mass which is fully compatible with RPP values while our width of (300 +140 − 40 ) MeV is outside of the RPP range of 40-200 MeV. It decays with high probability to Σπ -(37±10)% -and Λπ -(35±12)%, and only with (7±3)% to NK, just reaching the 10% to 30% RPP range. Kamano et al. [35] find a BR for Σπ much stronger (86.5% ) than the one for Λπ (12.8%). There is no evidence for this resonance from Ref. [33] . Our branching ratios add up to 85-100%.
Σ(1670)3/2
− : Good compatibilty is obtained for all properties of Σ(1670)3/2 − . However, we do not find significant evidence for Σ(1385)π decays as reported in Ref. [35] while we find some small contribution from NK * decays. The sum of our BR is 82-100%.
− region is problematic. If we assume no resonance, the fit is unacceptable. A fit with one 1/2 − resonance only returns a mass of M =(1692±11) MeV and Γ =(208±18) MeV. We tentatively identify this resonance with Σ(1750)1/2 − . The real part of our pole position agrees with the ones determined in Refs. [33] and [35] , our imaginary part is larger: we find Γ pole =(206±18) MeV instead of 158 MeV [33] or (86 +14 − 4 ) MeV [35] . Our BreitWigner mass does not fall into the range quoted in the RPP. Also the BRs are inconsistent: our BR for NK is at the upper limit but still compatible with RPP. For the Σπ BR, RPP quotes less than 8%, Kamano et al. [35] find 37.3%, we find (16±4)%. The BR for Σ(1750)1/2 − → Λπ decays, the RPP quotes seen, Ref. [35] finds 43.5%, we find (14±5)%. The RPP quotes 15% to 55% for the Σ(1750)1/2 − → Ση BR; there is, however, no measurement listed in the RPP supporting this number except for the transition strength (Γ i Γ f ) 1/2 /Γ tot for the NK → Σ(1750) → Ση [39] quoting (23±1)%. By our definition the BR for Σ(1750)1/2 − → Ση vanishes. We find a mass of (1692±11) MeV, which is below M η +M Σ . Our BRs add up to (78±11)%. A fit with two resonances gives a small but significant improvement for a second narrow resonance which is found only slightly below Σ(1750)1/2 − . We list this resonance under Σ(1620)1/2 − even though these are likely different objects. We find a sum of branching ratios of (47±8)%.
Σ(1775)5/2
− : Our Σ(1775)5/2 − properties are mostly consistent with those from the RPP. Mass, width and pole position are close to the RPP central values. However, we observe a Λπ BR of (49±3)% (instead of the RPP range of 14% to 20%). We do not observe its decay into Σ(1385)π which is strongly (39.2%) contributing in Ref. [35] . The sum of our BRs exceeds 84%.
Σ(1900)1/2
− : This resonance was first suggested by the Kent group [33] with M =(1900±21) MeV, Γ =(191±47) MeV, a large elasticity with a NK BR of (67±17)% and to Σπ of (10±5)%. We find M =(1938±12) MeV, Γ =(155±30) MeV, a NK BR of (45±9)% and Σπ BR of of (33±7)%. In spite of some discrepancies, we consider this result as a confirmation of the Kent result. Our BRs add up to more than 92%.
The results on the Σ(1915)5/2 + mass, width and pole position agree mostly well with RPP values. RPP reports a NK BR in the range from 5% to 15%, consistent with our (8±2)%. Λπ and Σπ are seen. Kamano et al. [35] find a BR for Λπ decays almost consitent with our value but a very large Σπ BR (67.8%) which we do not confirm: we find (10±2)%. The normalized residues for quasi-two-body decay modes of [35] show some difference but have a similar strength. We find a sum of BR's of (69±9)%.
Σ(1940)3/2
− : Our Σ(1940)3/2 − mass of (1878±12) MeV falls ouside of the 1900 -1950 MeV range given in the RPP, the widths are compatible. In our analysis, it has a very large coupling to Σπ,(86±21)%. With our small branching ratio for NK decays of (3±2)%, the 86% are not incompatible with earlier findings on the transition element
− was neither seen in [33] nor in [35] . The sum of all observed BR's amounts to 80-100%. − was nevertheless created. We now find weak evidence for a further state at (2165±23) MeV and a width of (320 +300 − 60 ) MeV. It has a large BR to Λπ: (54±12)%. With its NK BR of (29±7)% and Σπ BR of (7±2)%, the sum yields 79-100%. These properties do not resemble any of the RPP entries under Σ(2000)1/2 − and we list it as new resonance. It may have a very large width of up to 600 MeV and could play the same role as Λ(2090)1/2 − : as a resonance which represents a large number of unidentified resonance above 2100 MeV. However, it also might have a more natural width of 240 MeV; hence we keep it as possible new resonance.
Σ(2230)3/2
+ : This is a new resonance which we observe at M=(2240±27) MeV and a width of Γ =(345±50) MeV. It is seen in several decay modes: NK with (6±2)%, Λπ with (12±6)%, ΞK with (2±1)%, and Λ(1520)π with (14±5)%, and ∆(1232)K with (22±5)%, and NK * with (38±6)%. The BRs add to 91-100%.
Classification of hyperon resonances 4.1 Symmetries
The total wave function: In quark models, baryons are treated as objects composed of three (constituent) quarks. The Pauli principle demands that the total wave function should be antisymmetric with respect to the exchange of any pair of two quarks. The color singlet wave function for three quarks is antisymmetric, hence the spin-flavor configuration of a baryon has to be combined with spatial wave functions of the same symmetry to construct a symmetric spin-space-flavor wave function. (3) representations, where the symmetric 56 multiplet can be expanded into a spin-quartet flavor decuplet and spindoublet flavor octet 56 = 4 10 ⊕ 2 8, the mixed-symmetric 70-plet into a spin-doublet flavordecuplet, a flavor octet with a spin-quartet and a spindoublet, and a spin-doublet flavor-singlet:
SU(6)
Finally, the antisymmetric 20-plet contains a flavor-octet spin-doublet and a flavor singlet combined with a spinquartet:
The spin and flavor-content of hyperons is decisive for their properties. A discussion of the implications of SU(3) symmetry on the masses, widths, and decay fractions can be found in [40, 41, 42] .
The spatial wave function: The spatial wave function is usually expanded into a series of harmonic oscillator (HO) wave functions. Often, one of these HO-wave functions provides the leading contribution. From the two oscillators, wave functions can be constructed which are symmetric (S), mixed symmetric (M S ), mixed antisymmetric (M A ), or antiysmmetric (A). Explicite forms can be found, e.g., in [28] .
4.2 The Λ * hyperons Table 3 presents the Λ * hyperons resonances found in this analysis and a comparison with the Bonn quark model [28] .
There are six negative-partive Λ * resonances found below 2000 MeV, three of them with spin-parity J P = 1/2 − : Λ(1405), Λ(1670), Λ(1800); two with J P = 3/2 − : Λ(1520) and Λ(1690); and one with
− is a highly discussed state; its mass is too low in comparison to quark models, and the large spin splitting between Λ(1405)1/2 − and Λ(1520)3/2 − is not understood. However, this resonance can be constructed dynamically from its decay products [1] opening interpretations of Λ(1405)1/2 − as molecular state. Modern approaches based on unitarized chiral perturbation theory exploit aK N , π Λ, π Σ potential and fit its parameters to data in the low-mass region. Most analyses find a twopole structure, with one narrow pole (Γ ≈ 20 − 30 MeV) at about 1420 MeV and one wider pole (Γ ≈ 160 MeV) [4, 5] . These results were confirmed in a number of publications [9, 44, 45, 46] . However, other analyses interpret the low-mass NK and πΣ spectra with a single resonance [47, 48, 49] . The emphasis of the present analysis is not a study of Λ(1405)1/2 − properties: important data on πΣ interactions below the K − p threshold [51, 52, 53] , on the K − p atom [54, 55] , and on K − p decays at rest [56, 57] are not included in this analysis. For this reason, we introduce Λ(1405)1/2 − as a single resonance with fixed parameters from Ref. [58] .
Λ(1405)1/2 − has a spin partner, Λ(1520)3/2 − ; in quark models, these two states are commonly interpreted as forming the expected spin doublet, SU(3) singlet.
The four further negative-parity Λ * resonances below 2000 MeV are Λ(1670)1/2 − , Λ(1690)3/2 − , Λ(1800)1/2 − , and Λ(1830)5/2 − . States with identical J P but different quark spins or in different SU(3) representations can mix. Nevertheless, the lower-mass states can be assigned to a spin doublet, the higher-mass states could belong to a spin triplet. The comparison with the quark-model calculation [28] suggests that the two states assigned to a triplet should indeed belong to the 4 8[70] configuration and that they have only a small contribution from spindoublet configurations. On the other hand, there could be significant singlet-octet mixing as expected for the two lower mass states.
The experimental masses are reasonably consistent with the quark model predictions, except for the well-known problems with the masses of Λ (1405) Only one positive-parity Λ state with J P = 1/2 + was found to be required in the analysis. The Λ(1600)1/2 + is likely the first (Roper-like) radial excitation of the respective ground state. The next state -called Λ(1810)1/2 + -is not required in this analysis. But it has a 3* rating in the RPP; when included in our fits, it is seen with properties (e.g. mass and width) rather similar to those found in other analyses. Hence we keep it in the list of resonances. Its interpretation is ambiguous: Ref. [28] + . These latter states are usually interpreted as the first orbital angular momentum excitations with L = 2 in the 2 8 [56] representation. Thus we assume that this interpretation holds for the two Λ states as well. This assignment is supported by quark model calculations even though mixing with other states is very significant (see Table 3 and Ref. [28] . Table 3 . The Λ * and Σ * hyperons: The experimental masses (in MeV) from the RPP [43] give the mass that defines the name of the particle. The mass range is represented by (asymmetric) uncertainties. The RPP Breit-Wigner mass is compared to our BnGa value and the quark-model mass MQM from Ref. [28] , model A. This reference also gives the fractional contributions (in %) from different SU(6)⊗O(3) configurations. Small contributions from opposite parity or higher configurations are omitted.
• : not from [28] , see text for explanation. Σ(2100)7/2 − is not included in the table. It must belong to the 3rd excitation band, even though its mass seems to be low. 
Discussion
The agreement between the spectrum of hyperon resonances and quark-model predictions is remarkable. It should be noted that in each partial wave, all quark-model resonances are listed in Table 3 up to the largest observed mass. Decisive for this interpretation is the removal of "spurious" signals stemming from a variety of different analyses. Particularly interesting is the identification of three spin-doublets which can be assigned to the spectrum of SU(3) singlet baryons. Possibly, also the negative-parity spin-doublet of Σ decuplet has been identified.
Summary
We have performed a coupled-channel analysis of available data on K − p induced reactions. Data on two-body reactions were reported in the preceding paper where also the analysis method is described. The emphasis of this paper is laid upon the inclusion of three-body data -which were analyzed event-by-event in a likelihood fit -and on quasitwo-body final states. For these, the differential cross sections and the ρ density matrix elements are available in the form of associated Legendre polynomes.
In this paper we present Tables of the properties of hyperon resonances as observed in the BnGa analysis. The branching ratios of most lower-mass resonances add up to unity. We report pole position and normalized transition residues as well as Breit-Wigner properties such as mass, width and branching ratios.
The comparison with the results from other analyses often show larger discrepancies than allowed by statistics. In particular there is little agreement for the quasi-twobody decay modes. These are obviously not sufficiently constrained and the results seem to depend on the particular choice of the model.
The most important result of this analysis is the systematic check of the significance of resonances. It turns out that a large number of resonances reported in the Review of Particle Physics is not required to achieve a reasonable fit. In total, 20 resonances or "bumps" are found to make no significant improvement of the fit.
The spectrum is compared to the Bonn quark model which uses a linear confinement potential and instanton interactions between constituent quarks in a relativistic kinematic. Generally, the comparison gives good agreement. It is remarkable that six Λ states have to be assigned to the SU(3) singlet system, and that two of them are observed here for the first time.
